The aniracetam metabolite 2-pyrrolidinone induces a long-term enhancement in AMPA receptor responses via a CaMKII pathway.
The present study was conducted to assess the effect of aniracetam and its metabolites, such as 2-pyrrolidinone, p-anisic acid, and anisamide butyrate, on the alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors, heteromerically formed of GluR1,2 (GluR1 and GluR2), GluR1,3 (GluR1 and GluR3), and GluR1,2,3 (GluR1, GluR2, and GluR3), expressed in Xenopus oocytes. 2-Pyrrolidinone potentiated kainate-evoked currents through GluR1,2,3 channels in a bell-shaped dose-dependent manner at concentrations ranged from 1 nM to 300 microM, with a maximal effect at 100 microM. The potentiation was long-lasting, reaching approximately 180% of basal levels 60 min after 5-min treatment with 2-pyrrolidinone at 100 microM. 2-Pyrrolidinone (100 microM) potentiated GluR1,3 channel currents as observed in GluR1,2,3, but instead it depressed GluR1,2 currents. Aniracetam and p-anisic acid potentiated GluR1,2,3 channel currents, but to a lesser extent, each about 130 and 103% of basal levels 60 min after treatment at 100 microM. In contrast, anisamide butyrate had no potentiating effect on the currents. Potentiation of GluR1,2,3 channel currents obtained with 2-pyrrolidinone was inhibited by KN-93, a selective inhibitor of calcium/calmodulin-dependent protein kinase (CaMKII), while it was not affected by GF109203X, a selective inhibitor of protein kinase C or H-89, a selective inhibitor of cAMP-dependent protein kinase. The results of the present study suggest that 2-pyrrolidinone persistently enhances activity of the Ca2+-permeable AMPA receptors, GluR1,3 and GluR1,2,3, by interacting with CaMKII.